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The NITROGEN RESPONSE of 
WHEAT CROPS FOLLOWING LUPINS 
By Ian Rowland1, Mel Mason2 and 
John Hamblin3 
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 Senior Research Officer, Division of Plant 
Industry 
3
 Regional Manager, Albany 
One of the many benefits of growing 
narrow-leaved lupins in a crop rotation 
(Rowland et al 1988) is the increased 
yield of the following cereal crop as a 
result of the improved nitrogen level of 
the soil. 
Early research in crop rotations 
involving lupins has provided little 
information on the interaction of 
previous cropping history with rates of 
applied nitrogen. Often no nitrogen 
fertilizer was applied to the following 
crop, or only one or two rates were 
used, or nitrogen fertilizer was only 
applied to wheat growing on wheat 
stubbles, but not to wheat on lupin 
stubbles. 
This article reports the results from 41 
wheat/lupin rotation trials involving a 
range of nitrogen rates throughout the 
Western Australian agricultural area 
between 1978 and 1987. These trials 
allowed scientists to assess the interaction of 
nitrogen fertilization with previous cropping 
history and to estimate some of the contribution of 
nitrogen and other effects of lupins within crop 
rotations. The results provide some guidelines to 
help farmers make decisions about what rates of 
nitrogen fertilizer to use in a crop rotation with 
lupins. 
Types of response to nitrogen 
Table 1 lists the trials with some experimental 
details. In the absence of nitrogen fertilizer, 
wheat following lupins (LW) outyielded wheat 
following a non-legume crop (WW) in 38 of the 
trials. The mean yield, without added nitrogen, 
over all trials was 0.48 t/ha higher for LW than 
for WW, a 61 per cent advantage. Nitrogen 
fertilizers improved yields in 34 of the trials. 
The observed wheat grain yield response 
patterns to nitrogen fertilizers and lupins 
varied. There were basically four types of 
response (Figure 1). 
In type A there was no response to nitrogen 
fertilizer. Soils were fertile and there was no 
significant cereal disease or difference in weed 
population following lupins or cereal. 
In type B yields were higher for LW than for 
WW in the absence of added nitrogen fertiliz-
ers, but as the rate of fertilizer nitrogen was 
increased the difference between LW and WW 
diminished until there was no difference. In 
such cases the lupin effect would have been 
almost entirely due to nitrogen additions to the 
soil from the lupin crop, or the greater net 
removal of existing soil nitrogen by the wheat 
crop compared to the lupins, in the lupin crop 
year. 
In type C the yield advantage of LW without 
fertilizer nitrogen was maintained even at high 
rates of nitrogen application, so that the 
response curves were parallel. This type of 
response indicates that the effect of the lupins 
was due to something other than just a higher 
soil nitrogen level. Yields could have increased 
because of the benefits of a disease break, better 
weed control or maybe due to a different 
pattern of nitrogen supply through slow 
release of organic nitrogen on LW compared 
with immediately available fertilizer nitrogen. 
This latter effect could be important in leaching 
situations, where the slow release of nitrogen 
from the lupin organic matter is less suscep-
tible to leaching than the fertilizer nitrogen 
applied at one time. 
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Table 1. Details of sites and site-year combinations of trials comparing lupin/ 
wheat and wheat/wheat rotations 
Response of wheat grown after 
lupins (left hand plot) 
compared with wheat on 
wheat, both without added 
nitrogen fertilizer. 
Site 
Binnu 
Balla 
East Chapman 
Northampton 
Chapman 
Tenindewa 
Depot Hill 
Arrino 
Bunjil 
Marchagee 
Badgingarra 
Wongan Hills 
Korbel 
South Carrabin 
Pingaring 
Boyup Brook 
Esperance 
* Soil types: 1 = 
Year 
1980 
1981 
1982 
1983 
1983 
1983 
1979 
1981 
1981 
1982 
1983 
1981 
1982 
1983 
1981 
1982 
1983 
1985 
1986 
1983 
1984 
1985 
1986 
1987 
1981 
1983 
1985 
1987 
1987 
1983 
1984 
1985 
1987 
1982 
1983 
1984 
1985 
1985 
1979 
1981 
Soil* 
type 
1 
1 
1 
1 
2 
1 
1 
1 
3 
1 
4 
3 
3 
5 
4 
1983 
deep sand; 2 = 
pH*» 
5.8 
6.0 
5.8 
5.7 
5.9 
5.6 
5.6 
5.4 
5.4 
5.2 
5.3 
5.5 
5.7 
= duple 
sand; 4 = duplex sand over gravel; 5 
** pH: In water (5:1) on a 0-10 
+ Rainfall: In mm; M-O 
of M-O. 
t t Previous lup 
Rainfallt 
M-O 
222 
290 
218 
239 
352 
451 
163 
434 
284 
186 
222 
311 
255 
305 
287 
272 
286 
200 
339 
266 
283 
193 
267 
287 
567 
562 
409 
434 
260 
182 
200 
176 
183 
1% 
299 
257 
215 
431 
448 
309 
189 
LTA 
267 
231 
313 
432 
312 
253 
339 
294 
238 
303 
492 
264 
196 
202 
243 
546 
330 
x sandy clay loam ovei 
= duplex 
cm sample. 
Previous 
Variety 
Ulyarrie 
Illyarrie 
Ulyarrie 
Illyarrie 
Illyarrie 
Illyarrie 
Illyarrie 
Illyarrie 
Eragulla 
Eragulla 
Eragulla 
Eragulla 
Eragulla 
Eragulla 
Illyarrie 
Illyarrie 
Illyarrie 
Illyarrie 
Illyarrie 
Illyarrie 
Illyarrie 
Illyarrie 
Illyarrie 
Illyarrie 
Illyarrie 
Illyarrie 
Illyarrie 
Illyarrie 
Illyarrie 
Yandee 
Yandee 
Yandee 
Illyarrie 
Yandee 
Yandee 
Yandee 
Yandee 
Yandee 
Unicrop 
Illyarrie 
Yandee 
lupinst t 
Yield 
2.5 
2.1 
1.0 
0.8 
1.1 
0.6 
1.8 
1.0 
0.7 
1.0 
0.6 
0.7 
1.2 
Nil 
1.7 
1.7 
0.5 
3.7 
Nil 
0.5 
1.3 
2.6 
2.0 
2.0 
2.4 
1.9 
0.9 
2.5 
2.2 
0.5 
0.6 
0.6 
0.6 
1.3 
0.9 
0.9 
0.9 
2.2 
0.6 
1.5 
1.7 
• clay; 3 = loamy 
gravelly loam over clay. 
= May to October (inclusive); LTA = 
ins: The variety and 
before that shown. 
= long term average 
yield (t/ha) of the lupins grown the year 
Type A 
LW 
WW 
LW 
y"ww 
TypeB 
LW 
WW 
TypeC 
LW 
TypeD 
^ ^ W W 
Figure 1. Types of yield 
curves of wheat to nitrogen 
fertilizer and lupins. 
Nitrogen fertilizer applied 
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Table Z Average optimum economic rates of nitogen fertilizer for response 
types B, C and D in various rainfall zones 
Response 
type 
No. of 
trials 
Higher rainfall 
(> 330 mm) 
WW LW 
No. of 
trials 
Lower rainfall 
(< 330 mm) 
WW LW 
B 
C 
D 
3 
10 
7 
67 
41 
60 
14 
41 
39 
60 
21 
46 
32 
21 
10 
WW is wheat following a non-legume crop. 
LW is wheat following a lupin crop. 
In type D there was a yield advantage of LW 
over WW in the absence of nitrogen fertilizers. 
The yield difference decreased as rate of appli-
cation of nitrogen fertilizer increased, but the 
yield of WW never equalled that of LW at the 
same rate of nitrogen fertilizer. In this type of 
response there is an effect of soil nitrogen 
supply from the lupins, shown by the effect of 
nitrogen fertilizers in reducing the difference 
between WW and LW, but there is also some 
other benefit of lupins, such as a disease break 
as indicated by the maintenance of a yield 
difference even at high rates of nitrogen 
fertilizer. 
Of the 41 trials considered here, eight fell into 
category A, six into category B, 18 into category 
C and nine into category D. 
Differences in nitrogen fertilizer requirement 
With type A curves there was no response to 
nitrogen fertilizer and therefore it would not 
pay to add any. With type C response, because 
the curves are parallel, the most profitable rate 
of nitrogen fertilizer will be the same for LW 
and WW (Figure 1). However in the case of 
type B and D curves the optimum economic 
rate of nitrogen application will be higher for 
WW than for LW 
The amount of nitrogen contributed by the 
lupin crop to the following wheat crop can be 
estimated by looking at the rate of nitrogen 
fertilizer needed to raise the yield of WW to the 
level of LW in the absence of nitrogen fertilizer 
in type B curves (Figure 2). The average 
contribution of the six trials in this catagory is 
23 kg nitrogen/ha. The nitrogen contribution 
in response types C and D cannot readily be 
determined. 
Table 2 shows average optimum economic 
rates of nitrogen fertilizer for response types B, 
C and D in various rainfall zones. This assumes 
a cost price ratio of 5.0 (urea $289 per tonne on 
farm and wheat $125 per tonne net). For the 
type A curves where there is no response to 
nitrogen fertilizer, none should be applied. 
Determining the type of response 
Can we predict what type of response will be 
obtained from nitrogen fertilizer? This will be 
difficult because of variation in the response 
and often the inability to foresee the effects of 
disease, poor weed control, and other factors 
on crop growth and yield. However, there are 
some guidelines which will help the decision. 
Type A: No yield response to fertilized nitro-
gen for LW or WW. This type of response is 
more likely to occur on better (more loamy) 
soils that have not been intensively cropped to 
non legumes and may have had regular 
periods with legume pastures. 
Type B: Yields higher for LW than WW in the 
absence of nitrogen fertilizer, but at high rates 
of applied nitrogen there was no difference. 
This type of response will occur on normally 
nitrogen responsive soils where there is no 
cereal disease or other interacting problem. 
This may be hard to pick if diseases occur at 
low but significant levels and have a 'hidden' 
effect on yields. These would not be highly 
leaching situations. 
Type C: Yield advantage of LW without fertil-
izer nitrogen was maintained, even at high 
rates of nitrogen fertilizer. This type of re-
sponse would occur in situations with a high 
cereal disease risk and also in situations prone 
to high nitrogen leaching losses, for example 
deep sandy soils in high rainfall areas. 
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Type D: Yield of WW never equalled that of 
LW at the same rate of nitrogen fertilizer. This 
type of response would occur in situations 
with a high cereal disease risk but in relatively 
non leaching environments. 
Apart from the normal high variation in yield 
response of cereals to nitrogen fertilizers from 
site to site and from one season to the next, the 
amount of soil nitrogen added or saved by a 
lupin crop will vary considerably. This nitro-
gen contribution will depend on many things 
including: 
• Size of the vegetative yield of the lupin crop. 
• Harvest index of the lupin crop, that is the 
proportion of seed in the total weight of the 
crop. A lot of the nitrogen fixed by a lupin crop 
is removed when the seed, which contains high 
A highly efficient lupin harvest, or heavy summer grazing, 
leaves little seed and less residual nitrogen for following crops. 
levels of nitrogen, is harvested. If a crop has a 
low harvest index, that is little grain and a lot 
of vegetative growth, more nitrogen will be left 
for following cereal crops than that from a 
lupin crop with a high harvest index. 
• Efficiency of harvesting. An important source 
of nitrogen for cereals following lupins can be 
that in lupin seed left on the ground after 
harvest. If the lupin harvest was inefficient, the 
residual nitrogen benefit will be greater than 
that following an efficient harvesting. Heavy 
summer grazing may remove much of this 
source of nitrogen. 
When the results from all the trials (including 
non-responsive ones) were averaged within the 
higher (greater than 330 mm average) or lower 
(less than 330 mm) rainfall zones of the agricul-
tural area, the best rates of nitrogen fertilizer 
application for the low rainfall zone were 20 
kg/ha for LW and 33 kg/ha for WW (15 trials), 
while in the higher rainfall areas they were 28 
kg/ha for LW and 43 kg/ha for WW (26 trials). 
The average yields without nitrogen fertilizers 
in the lower rainfall zone were 0.98 t/ha for 
LW and 0.55 t/ha for WW and in the higher 
rainfall zone 1.45 t/ha for LW and 0.94 t/ha for 
WW. The economic yields were determined at 
a cost/price ratio of 5.0, but the ratio can 
change with movements in costs and prices 
and actual economic rates will vary accord-
ingly. 
Level of nitrogen 
from lupin crop 
Nitrogen fertilizer 
Reference 
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Figure 2. Estimate of the 
contribution of the lupin crop 
to the nitrogen nutrition of 
the following wheat crop, from 
Type B response curves. 
An excellent stand of lupins 
grown at the Badgingarra 
site. 
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